Abstract. Under the condition of D-differential, the convex fuzzy programming and its Lagrangian dual problem are discussed based on saddle point theory. Then, a more reasonable and easy-to-use form of KKT conditions in convex fuzzy programming is obtained, and a detailed example is used to illustrate the feasibility of the proposed method. Moreover, the relationship between the optimal solution of convex fuzzy programming and the saddle point of Lagrangian function is given.
Introduction
Convex fuzzy programming, whose target is mapped to convex fuzzy mapping and constraint conditions are convex or convex mapping, is a kind of special fuzzy programming problem. The local optimal solution of convex fuzzy programming must be the global optimal solution, therefore it becomes a hot research. Chalco-Canoa [1, 2, 3 ] discussed a class of convex fuzzy programming problems established on the concept of differentiability introduced by Bede and Stefanini [4] , and the corresponding KKT optimality conditions were gotten. In order to avoid the difficulties caused by H-difference, Wang and Wu [5] put forward the concept of differential(described as D-differential), sub-differential, gradient and sub-gradient in fuzzy mapping and applied them to convex fuzzy programming, besides, the characteristics of convex fuzzy programming solution are obtained. Bao [6] further studied the D-differentiability of fuzzy mappings, and some characterizations of D-differential are obtained and its applications are given. Zhang et al. [7] proposed the concept of sub-gradient, sub-differential and differential from the point of view of the convex analysis, and the min/max problem of convex fuzzy mapping is studied, besides, the sufficient/necessary conditions for the min/max of convex fuzzy mappings were obtained. Moreover, the saddle-point and minimax theorem in fuzzy sense were discussed, and they were applied to the study of the Lagrangian duality theory of fuzzy programming. Finally, the Lagrangian duality and KKT conditions of convex fuzzy programming are acquired.
Under the condition of D-differential, this thesis further discuss the convex fuzzy programming and its Lagrangian dual problem based on saddle point theory [7] . Then, a more reasonable and easy-to-use form of KKT conditions in convex fuzzy programming is obtained, and a detailed example is used to illustrate the feasibility of the proposed method.
Preliminaries
This section will present some basic knowledge of fuzzy numbers. A fuzzy number is a fuzzy set
0,1 u R → which is normal, fuzzy convex, upper semi-continuous and with bounded support [5] .
Let E denote the family of fuzzy numbers. For , u v E ∈ and 0 r ≥ , the addition, scalar multiplication on E can be represented as below:
Definition2.1 [6] . For , u v E ∈ , we say that u v , , ,
, , ,
, , , 0
In this paper, the fuzzy mapping(fuzzy-valued function) is referred to the mapping projecting of a nonempty subset M of n R to fuzzy number space E , namely :
F M E → . According to the parametric expression of fuzzy number, the fuzzy mapping can be expressed as:
where ( ) ( )
where
And the concepts of differentiability in [6] can be rewritten as Definition 2.2 .
Definition2.2. Let :
. If there exists an fuzzy vector
then we say that F is differential at 0 x , and call ( )
Remark 2.1. In this paper, we name the differentiability given in Definition 2.2 as D-differential.
Under the conditions of D-differential, we easily get a conclusion that fuzzy mapping is a necessary and sufficient conclusion for convex fuzzy mapping. 
are fuzzy mappings, then the Lagrange function of fuzzy programming problem
, then the Lagrange function of fuzzy programming problem (FP) can be written as
and :
is called the Lagrangian dual problem of (FP).
Definition2.3 [7] .The point ( )
is called a saddle-point of fuzzy mapping : 
Main Results
Let : , :
are all convex fuzzy mappings, then the fuzzy programming(FP) is called the convex fuzzy programming, and denoted by(FCP).The Lagrangian dual problem of (FCP) denoted by (DFCP).We discuss the KKT optimality conditions for problem (FCP). 
then x is an optional solution to problem (FCP)and ( , )
x λ satisfies the condition ( )
.

Proof. let :
F M E → , 
Therefore, for any
Hence,
By conditions
.
And by x X ∈ , we have
According to the known conditions ( ) ( ) ( ) ( )
By theorem 2.3 ,
Conversely, let 
Therefore,
And by
Hence, x solves the problem to minimize , we have 
Summary
As a special kind of fuzzy programming problem, the convex fuzzy programming has achieved fruitful results, but there are still a lot of unexplored problems in this field. Specially, the further investigations of Lagrangian duality and KKT conditions in convex fuzzy programming. Under the condition of D-differential, this paper further discuss the convex fuzzy programming and its Lagrangian dual problem based on saddle point theory [7] . Then, a more reasonable and easy-to-use form of KKT conditions in convex fuzzy programming is obtained, and a detailed example is used to illustrate the feasibility of the proposed method. The research methods and conclusions of this paper have laid a good foundation for the study of KKT conditions in optimal solution for multi-objective fuzzy programming.
